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  ﻓﺎرﺳﻲ ﺧﻼﺻﻪ
ﻫﺎي ﻣﺤﻠﻮل در آب اﺳﺖ ﻛﻪ ﻫﻴـﺪروﻟﻴﺰ ﭘﻴﻮﻧـﺪﻫﺎي اﺳـﺘﺮي را در آﻧﺰﻳﻢ ﻟﻴﭙﺎز ﻳﻜﻲ از اﻧﻮاع آﻧﺰﻳﻢ ﻣﻘﺪﻣﻪ:
دﻫﺪ. ﻟﻴﭙﺎزﻫﺎي ﺑﺎﻛﺘﺮﻳﺎﻳﻲ ﺑﻪ ﺷـﺪت ﺗﺤـﺖ ﺗـﺄﺛﻴﺮ ﺷـﺮاﻳﻂ ﻣﺤـﻴﻂ و ﻣـﻮاد ﺳﻮﺑﺴﺘﺮاﻫﺎي ﻟﻴﭙﻴﺪي اﻧﺠﺎم ﻣﻲ
ﻓﻠﺰي و ﻣﻴـﺰان  يﻫﺎﻨﺎﺑﻊ ﻛﺮﺑﻨﻲ، وﺟﻮد اﻧﻮاع ﻟﻴﭙﻴﺪﻫﺎ، ﻳﻮن، ﻣﻴﺰان ﻧﻴﺘﺮوژن، ﻣHpﻣﻮﺟﻮد در آن ﻣﺎﻧﻨﺪ دﻣﺎ، 
ﺑﻪ ﻣﻨﻈﻮر اﻓﺰاﻳﺶ ﻣﻴﺰان ﺗﻮﻟﻴﺪ ﻟﻴﭙﺎز ﺑﺎ ﻣﻨﺸﺎ ﻣﻴﻜﺮوﺑﻲ، اﺳﺘﻔﺎده  ﻫﺎي اﺧﻴﺮ،در ﺳﺎل .ﮔﻴﺮﻧﺪﻫﻮادﻫﻲ ﻗﺮار ﻣﻲ
ﺗﺤﻘﻴـﻖ ﻫـﺪف  .ه اﺳﺖﻧﻮﺗﺮﻛﻴﺐ، ﻣﻮرد ﺗﻮﺟﻪ واﻗﻊ ﺷﺪ ANDﻫﺎي اﻟﻘﺎي ﻣﻮﺗﺎﻧﺖ و ﺗﻜﻨﻮﻟﻮژي از روش
ﺑﺎزده  و اﻓﺰاﻳﺶ 2MHSF sueahporta sullicaBﺟﻬﺶ در ﺳﻮﻳﻪ ﺑﺎﻛﺘﺮي ﺣﺎﺿﺮ در ﮔﺎم ﻧﺨﺴﺖ اﻳﺠﺎد 
ﺛﺮ ﻣﺤﻴﻂ ﻛﺸﺖ در ﺗﻮﻟﻴـﺪ آﻧـﺰﻳﻢ ﻟﻴﭙـﺎز، ﺆﭼﻨﻴﻦ ﺑﻌﺪ از ﺗﻌﻴﻴﻦ ﻓﺎﻛﺘﻮرﻫﺎ و ﺷﺮاﻳﻂ ﻣﻫﻢو  ﺗﻮﻟﻴﺪ آﻧﺰﻳﻢ ﻟﻴﭙﺎز
. ﺑﻌـﺪ از اﻧﺠـﺎم آزﻣﺎﻳﺸـﺎت و ﺗﻌﻴـﻴﻦ ﺑﺎﺷـﺪ  ﻣـﻲ ﻃﺮح ﻳﺎ ﻧﻘﺸﻪ آزﻣﺎﻳﺸﺎت ﺗﻮﺳﻂ روش ﻃﺮاﺣﻲ آزﻣﺎﻳﺶ 
ﻟﻴﺪ ﻟﻴﭙﺎز ﺗﻮﺳﻂ ﺳﻮﻳﻪ ﻣﻮﺗﺎﻧﺖ ﻣﻮرد ﻧﻈﺮ، ﻣﺪل ﻣﻨﺎﺳﺐ و ﺷﺮاﻳﻂ ﺑﻬﻴﻨﻪ ﻛﺸﺖ ﺑﺮاي ﺛﺮ ﺑﺮ ﺗﻮﺆﻓﺎﻛﺘﻮرﻫﺎي ﻣ
 ﺪ.ﻳﮔﺮدﻦ ﻣﺎده در ﻣﻘﺎدﻳﺮ ﺑﻴﺸﻴﻨﻪ اراﺋﻪ ﺗﻮﻟﻴﺪ اﻳ
ﺑﺎ ﻗﺮار ﮔﺮﻓﺘﻦ در ﻣﻌﺮض  2MHSF sueahporta .B ﻫﺎيﺟﻬﺶ زاﻳﻲ ﺷﻴﻤﻴﺎﻳﻲ در ﺳﻠﻮل روش ﻫﺎ:
ﻦ ﺗﻤﺎم ﻓﺎﻛﺘﻮرﻫﺎي ﻣﻮﺟﻮد در اﻧﺠﺎم ﺷﺪ. از ﺑﻴ rakaviDو  ujaRﺑﺎ روش اﺻﻼح ﺷﺪه اﺗﻴﺪﻳﻮم ﺑﺮﻣﺎﻳﺪ 
ﺑﻴﺸﺘﺮﻳﻦ اﺛﺮ ﺑﺮ  اﺣﺘﻤﺎﻟﻲ واﺟﺪ ده ﻓﺎﻛﺘﻮرزﻳﺎ، ﻫﺎﻣﻘﺎﻻت ﻣﻨﺘﺸﺮ ﺷﺪه درﺧﺼﻮص ﺗﻮﻟﻴﺪ ﻟﻴﭙﺎز در ﺑﺎﻛﺘﺮي
ﺟﻬﺖ اﻧﺘﺨﺎب اﺟﺰاء ﭘﻼﻛﺖ ﺑﺮﻣﻦ  ﻃﺮاﺣﻲ .ﺑﻪ ﻋﻨﻮان اﺟﺰاء ﻣﺤﻴﻂ ﻛﺸﺖ اﻧﺘﺨﺎب ﺷﺪ ﻟﻴﭙﺎز ﺗﻮﻟﻴﺪ
ﻓﺎﻛﺘﻮر  11ﺎر ﮔﺮﻓﺘﻪ ﺷﺪ. ﺑﻨﺎﺑﺮاﻳﻦ اﺛﺮ ﻜﻟﻴﭙﺎز ﺗﻮﺳﻂ ﺳﻮﻳﻪ ﻣﻮﺗﺎﻧﺖ ﺑﺮﺗﺮ ﺑ ﺗﺎﺛﻴﺮﮔﺬار ﻣﺤﻴﻂ ﻛﺸﺖ ﺑﺮ ﺗﻮﻟﻴﺪ
 (،6Xاوره) (،5X) ﻋﺼﺎره ﻣﺨﻤﺮ (،4X) ﻣﺎﻟﺘﻮز (،3X)ﺎرز ﺳﺎﻛ(، 2X(، ﮔﻠﻮﻛﺰ)1X) ﺷﺎﻣﻞ روﻏﻦ زﻳﺘﻮن
 زﻳﻨﻚ ﺳﻮﻟﻔﺎت ،)01X( ﻛﻠﺴﻴﻢ ﻛﻠﺮاﻳﺪ ، )9X( ﺳﺪﻳﻢ ﻛﻠﺮاﻳﺪ (،8X) (، ﺗﺮﻳﭙﺘﻮن)7X آﻣﻮﻧﻴﻮم ﺳﻮﻟﻔﺎت
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ﻮﺳﻂ ﻛﻪ ﺑﺮ ﺗﻮﻟﻴﺪ ﻟﻴﭙﺎز ﺗﺮﻣﻮاﻟﻜﺎﻟﻮﻓﻴﻠﻲ ﺗﻮﺳﻂ ﻫﺎي ﻣﺘﺑﻪ ﻣﻨﻈﻮر ﺑﻬﻴﻨﻪ ﺳﺎزي ﻣﻮﻟﻔﻪ .ﺑﺮرﺳﻲ ﺷﺪ )11X(
 ngiseD nemerB-tekcalP ﺑﺮﻣﻦ- ﻃﺮاﺣﻲ ﭘﻼﻛﺖ ،2MHSF sueahporta .Bﻣﻮﺗﺎﺳﻴﻮن ﺷﻴﻤﻴﺎﻳﻲ 
ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار ﮔﺮﻓﺖ. در  (ygolodohtem ecafrus esnopseRﭘﺎﺳﺦ ) -روش ﺳﻄﺢ و )DBP(
ﻃﺮاﺣﻲ ﺷﺪه  DBPﺑﺎ اﺳﺘﻔﺎده از روش  ﻣﺮﺣﻠﻪ اول، اﺛﺮ ﻳﺎزده ﻋﺎﻣﻞ ﺑﺮ ﻣﻴﺰان ﺑﻬﺮه وري ﻟﻴﭙﺎز ﺗﻌﻴﻴﻦ و
ﺑﺎ  DBPﭘﺲ از آن، ﺳﻄﻮح اﺟﺰاي اﺻﻠﻲ ﺑﺪﺳﺖ آﻣﺪه ﺗﻮﺳﻂ  4.0.6 trepxE ngiseDﺗﻮﺳﻂ ﻧﺮم اﻓﺰار 
 ﺑﻬﻴﻨﻪ ﺳﺎزي ﺷﺪ. MSR lamitpo-Dروش 
 01-BE، 5-BE) ﺖﺗﻨﻬﺎ ﺳﻪ ﻣﻮﺗﺎﻧي ﺟﻬﺶ زاﻳﻲ در ﻣﻴﺎن ﭘﻨﺞ ﻣﻮﺗﺎﺳﻴﻮن اﻧﺘﺨﺎب ﺷﺪه در ﻣﺮﺣﻠﻪ  ﻧﺘﺎﻳﺞ:
، ﺗﺮﺷﺢ ﻟﻴﭙﺎز  اوﻟﻴﻪﺪ از ﻛﺸﺖ در ﻣﺤﻴﻂ ﻛﺸﺖ ﻣﺎﻳﻊ ﻧﺴﺒﺖ ﺑﻪ ﺳﻮﻳﻪ ي ﺑﺎﻛﺘﺮي ( ﺑﻪ ﺗﺮﺗﻴﺐ ﺑﻌ03-BEو 
 L/U ﻣﻮﺛﺮﺗﺮﻳﻦ ﻣﻮﺗﺎﺳﻴﻮن ﻗﺎدر ﺑﻪ ﺗﻮﻟﻴﺪ 5-BEﻧﺴﺒﺘﺎ ﺑﺎﻻﺗﺮ ﻧﺸﺎن داد. ﻋﻼوه ﺑﺮ اﻳﻦ ﻣﺸﺎﻫﺪه ﺷﺪ ﻛﻪ 
 ﺷﺪه، اﻧﺘﺨﺎب ﻣﺪل از اﺳﺘﻔﺎده ﺑﺎ ﺑﺮاﺑﺮ از ﺑﻴﺸﺘﺮ از ﺳﻮﻳﻪ ي ﺑﺪون ﺗﻐﻴﻴﺮ ﺑﻮد 2/4ﻟﻴﭙﺎز اﺳﺖ ﻛﻪ  1034/1
 ﺷﺪ ﻛﻪ ﺷﺎﻣﻞ ﺑﻴﻨﻲ ﭘﻴﺶ 5-BE ﻣﻮﺗﺎﺳﻴﻮن ﻟﻴﭙﺎز ﺣﺪاﻛﺜﺮ ﺗﻮﻟﻴﺪ ﺑﺮاي ﻛﺎرﺑﺮدي ﻋﻮاﻣﻞ از ﺑﻬﻴﻨﻪ ﺳﻄﻮح
ﮔﺮم ﺑﺮ  2/5 ﻣﺨﻤﺮ، ﻋﺼﺎره ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ 2/5 ﺳﻮﻛﺮوز، %0/5 ﻣﺎﻟﺘﻮز، %2 زﻳﺘﻮن، روﻏﻦ %5 ﮔﻠﻮﻛﺰ،% 0/5
 ،ﻛﻠﺴﻴﻢ ﻛﻠﺮاﻳﺪﮔﺮم ﺑﺮ ﻟﻴﺘﺮ  1 ،ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ آﻣﻮﻧﻴﻮم ﺳﻮﻟﻔﺎت  1/57 اوره،ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ  1/57 ﺗﺮﻳﭙﺘﻮن، ﻟﻴﺘﺮ
 ﻣﺪل اﻋﺘﺒﺎرﺳﻨﺠﻲ ﻣﻨﻈﻮر ﺑﻪﺑﺎﺷﺪ.  ﻣﻲ ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ زﻳﻨﻚ ﺳﻮﻟﻔﺎت 1 و  ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ ﺳﺪﻳﻢ ﻛﻠﺮاﻳﺪ 2
 ﻣﻴﺎﻧﮕﻴﻦ. ﮔﺮﻓﺖ ﻗﺮار اﺳﺘﻔﺎده ﻣﻮرد( ﻣﺮﺗﺒﻪ 5) ﻟﻴﭙﺎز ﺗﺮﻛﻴﺐ ﭘﻴﺸﻨﻬﺎدي ﺑﻬﻴﻨﻪ ﺑﺮاي ﺗﻮﻟﻴﺪ ﺷﺪه، اﻧﺘﺨﺎب
 اﻃﻤﻴﻨﺎن ﻣﺤﺪوده در ﻛﻪ ﺷﺪ ﺮيﮔﻴ اﻧﺪازه37741 ± 675/9 L/U ﻣﻴﺰان ﺑﻪ ﺗﻜﺮار ﭘﻨﺞ اﻳﻦ ﻟﻴﭙﺎز ﻓﻌﺎﻟﻴﺖ
. داﺷﺖ ﻣﻨﺎﺳﺐ ﺗﻮاﻓﻖ 42841  L/U ﺷﺪه ﺑﻴﻨﻲ ﭘﻴﺶ ﻧﺘﺎﻳﺞ ﺑﺎ ﻧﻴﺰ و ﺑﻮد اﻓﺰار ﻧﺮم ﺗﻮﺳﻂ ﺷﺪه داده ﻧﺸﺎن
  ﻳﺎﺑﺪ. ﻣﻲ اﻓﺰاﻳﺶ ﺑﺮاﺑﺮ 6/5 ﻣﻴﺰان ﺑﻪ 5-BE ﻣﻮﺗﺎﻧﺖ ﻟﻴﭙﺎز ﺗﻮﻟﻴﺪ ﺑﺎﻛﺘﺮي اوﻟﻴﻪ، ﺳﻮﻳﻪ ﺑﺎ ﻣﻘﺎﻳﺴﻪ در
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  ﺗﺮوﻓﻮسآﺑﺎﺳﻴﻠﻮس ، ﻣﻮﺗﺎﺳﻴﻮن، ﺑﻬﻴﻨﻪ ﺳﺎزي آﻧﺰﻳﻢ ﻟﻴﭙﺎز، ﻛﻠﻤﺎت ﻛﻠﻴﺪي:
6                                                                                                     ﻲﺳرﺎﻓ هﺪﻴﻜﭼ 
Abstract 
Introduction: The Lipase enzyme is one of the variety of water-soluble enzymes that hydrolyzes 
sterea bonds in lipid substrates. Bacterial lipases are heavily influenced by the environment and 
the materials contained in it, such as temperature, pH, Nitrogen, carbon sources, types of lipids, 
metal ions, and aeration rates. In recent years, the use of mutant induction techniques and 
recombinant DNA technology has been considered in order to increase the production of 
microbial-derived lipase. The purpose of this study was firstly to create mutations in the strain of 
Bacillus atrophaeus FSHM2 and increase the production efficiency of lipase enzyme, followed 
by determination of factors affect on the production of lipase enzymeusing the statistical 
experimental design. After testing and determining the effective factors on the production of 
lipase by the desired mutant strain, a suitable model and optimum culture conditions are 
proposed for producing this substance in maximum amounts. 
Methods: Chemical mutation in B. atrophaeus FSHM2 cells was performed with exposure to 
EtBr by modified Raju and Divakar methods. Among all the factors in the literature on the 
production of lipase in bacteria, eleven possible factors had the most effect on the production of 
lipase as a component of the medium. The Placket-Bremen Design was used to select the 
effective components of the medium for producing superior lipase production. Therefore, the 
effect of 11 factors included olive oil (X1), glucose (X2), sucrose (X3), maltose (X4), yeast extract 
(X5), urea (X6), ammonium sulfate( X7), tryptone (X8), sodium chloride (X9), calcium chloride 
(X10), zinc sulphate (X11) was investigated . In order to optimize the moderate components that 
were used to produce thermoelectal lipophilic lipase by B. atrophaeus FSHM2, PBD and RSM 
was applied. In the first step, the effect of eleven factors on the amount of lipase production was 
determined and using the PBD method, designed by Design Expert 6.0.4 software, after that, the 
main components obtained by PBD were optimized with the D-optimum RSM method. 
Results: Among five selected mutants attained in this step only three mutants (EB-5, EB-10, and 
EB-30) represented significantly higher lipase secretion after cultivation in submerged culture 
compared to that of wild bacterial strain. In addition, it was observed that EB-5 was the most 
efficient mutant able to produce 4301.1 U/L of lipase which was 2.4-fold of untreated control. 
Using the selected model, optimal levels of the applied factors were obtained for generating 
maximum EB-5 mutation lysis, which included 0.5% glucose, 5% olive oil, 2% maltose, 0.5% 
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sucrose, 2 g/L yeast extract, 2.5 g/L tryptone, 1.75 g/L urea, 1.75 g/L ammonium sulfate, 1 g/L 
calcium chloride, 2 g/L sodium chloride and 1 g/L Zinc sulfate. In order to validate the selected 
model, an optimal proposed combination for the production of lipase (5 times) was used. The 
average of the lipase activity of these five repeats was measured at a rate of 14773 ± 576.9 U/L, 
which was in the confidence range shown by the software and was also consistent with the 
predicted 14824 U/L results. Compared to the primary bacterial strain, the production of EB-5 
Lipase mutant increases by 6.5 times. 
 
Key words: Lipase enzyme, Mutation, Optimization, Bacillus.atrophaeus  
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